Abstract-The environment scanning has been important in a mobile robot studies and applications that may help people to investigate, monitor and study a variety of environments such as an unexplored, hazardous, dynamic, cluttered and others. The main issue regarding this research is the efficiency of the mobile robot system and the accuracy of the front-end sensor. This paper presents a work on the development of a mobile robot for the environment scanning purposes where a laser range finder (LRF) is utilized as its scanning sensor. The development of the mobile robot system will be explained here which consists of the hardware / software, the path following navigation and the integration of the LRF system. Three environments were used as the testbed -a corridor, a research lab and a robotic lab. The scanning results are presented in local map and global map which are plotted by using MATLAB software. It is found out that the plotted maps are similar to the real environment, which can be concluded that the developed mobile robot with the LRF is a success and can be used in real applications.
I. INTRODUCTION
OWADAYS, autonomous mobile robot has been widely used in many sectors, from household tasks, light and heavy industries, to the underwater / undersea and outer space. The use of autonomous mobile robot is very beneficial, organized and time saving, especially in dangerous and difficult situations. In the future, it is expected for the autonomous mobile robot to increase its work fields compared to the presents, in accordance with the growing of high technology, complex computational and wireless operational.
In the late 90's, the robotics research has been started to use a laser range finder (LRF) as its main front-end sensor. The use of LRF is quite reliable and accurate compared to other sensors such as ultrasonic and odometer. By using an LRF, a number of tasks can be accomplished, such as mapping and modeling the environments [1, 2, 3, 4] , obstacles detection [5, 6] , robot's motion estimation [7, 8] and position [9, 10] , target and object tracking [11, 12] , and robot's selflocalisation [13] .
In year 2000's till now, there are two brands of LRF that always been used for robotic studies, which are Sick and Hokuyo. These two brands provide LRF that can be used for indoor and outdoor applications. For indoor purposes, the most LRF that always been used is within the range of 4m to 6m. While outdoors, it may be increased up to 80m. The issue with this both brands of LRF is that they are expensive. For Hokuyo laser with 4m scanning range, it is costs about MYR 8,000 to MYR 9,000 per unit [14] . The cost will rise for increasing scanning range. For Sick laser, most of them are developed with a far scanning range such as 20m and 80m. These scanning ranges are not suitable for indoor, thus making them commonly being used for outdoor purposes. As the scanning range is quite distant, the prices are also high. In Malaysia, a laser with 20m scanning range will cost about MYR 20,000 and over. Then, in the year 2012, Robopeak, a company from China, developed a simple and cheap LRF, called RP Lidar. RP Lidar is a 360 degree scanner that can scan up to 6m, making it suitable for indoor study and application. The cost per unit is around MYR 1,700 [14] . This laser is available in the world market since the last couple of years. Due to this, there are not many publications and researches can be found. Fig. 1 shows the three types of LRF that been used for indoor study. This paper presents on the development work of a mobile robot with an LRF for environment scanning purposes. The first objective of this research is to show the integration process of the mobile robot with the LRF. The second objective is to show the scanning and mapping work. The mobile robot is developed with a wireless system in order to collect the laser data wirelessly. Navigation of the mobile robot, together with the scanning, data collection and the mapping methods will be shown here. The results as well as the performance of the mobile robot and the LRF will be discussed here. Nowadays, autonomous mobile robot has been widely used in many sectors, from household tasks, light and heavy industries, to the underwater / undersea and outer space. The use of autonomous mobile robot is very beneficial, organized and time saving, especially in dangerous and difficult situations. In the future, it is expected for the autonomous mobile robot to increase its work fields compared to the presents, in accordance with the growing of high technology, complex computational and wireless operational.
There are two parts that need to be considered during the development of this mobile robot for scanning purposes. The first part would be the development of the mobile robot itself and the second part is the monitoring / control part. The system is designed to be wireless in order to make it easier to navigate and move in the particular environment. The mobile robot will scan and save the environment data surrounding it at the same time, while the monitoring / control part will monitor the mobile robot's movement and scanning results as well as for controlling the system. The development of the mobile robot is based on a typical mobile robot. It consists of a few main parts:
i. The mobile part (tire, motors and drivers).
ii. Power supply and a regulator circuit. iii. A computer or the robot's brain. iv. The wireless system or transceiver. v. The sensor part. vi. The monitoring part. The block diagram of the whole system is shown in Fig. 2 , while Fig. 3 (a) and Fig. 3 (b) show the design and the completed mobile robot with the attached LRF respectively.
The power is supplied by two DC batteries -24 DC voltages and 12 DC voltages. It was designed in such a way to keep the computer works longer. The computer part used 24 DC voltage as shown in red line in Fig. 2 . The sensor, i.e. the LRF is powered up by the computer's USB output port which is 5 DC voltages. The 12 DC voltages is used by the motors and drivers. At the monitoring / control part, the power supply is taken directly from the 230 AC supplies which have a regulator to power up the monitor and AV transceiver. In Fig. 2 , the red, orange and yellow line indicate the power line while dark blue, light blue and purple indicate the data line. The mobile part involves four tires, DC motor gears and driver motors. Since the scanning system is wireless, the AV transceiver is used to let the image of the mobile robot's computer to be displayed at the monitor or the monitoring / control part wirelessly in particular distance. Also, this device is able to display the image synchronously between the mobile robot and the monitor / control part. The computer used to attach at the mobile robot is a CPU which is already installed with the LRF software development kits (SDK) and other necessary robot software.
As mentioned above, the LRF used in this study is the RP Lidar, developed by Robopeak. It is a low cost LRF and able to scan 360 degrees within 6m of range. RP Lidar measures a distance based on a laser triangulation ranging principle and it uses high-speed vision acquisition [15] . Mechanically, it emits modulated infrared laser signal and the laser signal is then reflected by the object to be detected. The returning signal is sampled by a vision acquisition system in the RP Lidar. Then, the DSP embedded in the RP Lidar starts processing the sample data and out with distance and angle value between object and RP Lidar through its communication interface. The RP Lidar is provided with a USB adapter which allows it to communicate with personal computer. In the personal computer, a software development kit (SDK) is ready to save the results of scanning. The scan results will give the user three parameters, which are angles, distances as well as the quality of the results as shown in Table 1 . Higher value of quality is better and preferred. 
III. THE NAVIGATION
In this study, the mobile robot is operated in a known environment, hence, the easiest navigation to be adapted is path following. The path following allows the robot to move and navigate by following the path that has been programmed prior to the navigation process. The path can be seen in Fig.  6 which indicated by black points. By the time the mobile robot moving through the black points, it will stop moving to scan the environment for a while. Once the data of the scanning are completely saved in the computer, the mobile robot will continue to move until it reaches the end point. The navigation and scanning are programmed in the same file. Below is the flow of the mobile robot in order to do the navigation and scanning;
i. The mobile robot takes place at the initial point.
ii. Recognise the point and stop moving.
iii. Do a 360 degree scanning and save the data and repeat 30 times. iv. Then, move 1 m forward or move right or left depending on area. Repeat procedure ii and iv till the last point.
IV. THE ENVIRONMENT
Three environments have been used to verify the functionality of the mobile robot in scanning and mapping its environment. They are a corridor, a research laboratory and a robotic laboratory. The laboratories are cluttered with equipment and tables. Fig. 4 shows the environments and the respective navigation paths that should be followed by the mobile robot. For scanning and data collection, an SDK developed by Robopeak has been used. The SDK main window is shown in Fig. 5 . It has a few main buttons such as button to save the scanning data, button to start the scanning as well as button to refresh the SDK. Most of the SDK window will show the environment of the scanning. In this study, once the mobile robot stop at the particular point, the scanning and saving the data will be performed automatically. The data, which contains the value of angle, distance and quality, are saved in Microsoft Excel format. There are two types of map to be plotted, a local map and a global map. A local map is defined as a current map that is scanned by the LRF of the mobile robot at the particular time. A global map is defined as the complete map of the whole environment. In order to illustrate a global map for an environment, the entire local map in the environment has to map together in one figure as referred to the point in the environment.
Based on the data results, for each angle and distance, the -position and the -position can be calculated using equations below;
i. Convert the degree to radian (1) ii. Find the and (2) where is an angle of the location in radian and is the angle in degree. is the position in -axis and is the yaxis that shows the location of the mobile robot. The distance value is a distance from the laser to the obstacle and it defines in millimeters. After obtaining the x-y positions in each scanning point, the area of the point is plotted by using scattered plot function in MATLAB. Each scan point in the map can be defined as a local map. Once all the local maps in the particular environment are obtained, a global map can be developed. The development of a global map is performed by combining the local maps which are referred to its positions.
VII. RESULTS AND DISCUSSIONS
Once the scanning and data collection work completed, the data is mapped using MATLAB software. MATLAB is used because it provides a platform to do data processing and analysis. In this paper, only the local map of the corridor is shown as in Fig. 6 (a) to (f). There are six local maps for the corridor because it only has six points to navigate and scan. Fig. 7 (a) to (c) shows the global map for the corridor, research and robotic laboratory as well as its real environment. Based on observation, the plotted maps are similar to the real environment especially for Fig. 7 (a) and (b). However, there are certain angle and small area that cannot be reached by the LRF. This may cause uneven and rough surfaces towards the map. Also, it caused by the limited scanning points. But, these problem can be corrected by applying pre-processing method such as such as filters (raw [16] , smooth [17, 18] , median [19, 20] ) as well as other methods such as histograms [21] . 
VIII. CONCLUSION
A mobile robot with a LRF for environmental scanning has successfully developed. The performance of the RP Lidar as the scanning sensor is excellent and being a low cost, it can be as good as the expensive LRF in the market. Also, the resulting data are easy to handle for future data processing and implementations, such as, for local and global map development as well as scan matching.
The environment
The mapping results 
